Introduction
Similar to radiance, propagation direction and frequency, polarization is also an intrinsic property of electromagnetic waves [1, 2] . Solar radiation incident at the top of atmosphere is unpolarized, but interactions with molecules, aerosols, water droplets and ice crystals in the atmosphere change not only radiance but also the state of polarization of the incident solar radiation. After transferring through the atmosphere, the scattered skylight is partially polarized [1, 3] .
Previous studies have shown that the polarization pattern of skylight is dominated by Rayleigh scattering of small particles. However, it is highly sensitive to the influence of different aerosol types [4] . Aerosol types are classified by their microphysical properties and chemical compositions (particle size, shape, size distribution, the mixing status, real and imaginary parts of refractive index). The aerosol optical properties (e.g., optical thickness, single scattering albedo, asymmetry factor or scattering matrix) can be calculated from these properties. The effects of aerosol microphysical properties on polarization of skylight are not equal; the behavior of degree of linear polarization (DoLP) is shown to be highly sensitive to both small mode of bimodal size distribution and real part of refractive index of aerosols. DoLP is less sensitive to the imaginary part than radiance; correspondingly, polarization seems to have some potential to improve aerosol retrievals mainly of the fine mode size distribution and real part of the refractive index. Furthermore, polarization is more sensitive to particle shape than radiance [5, 6] . Therefore, ground-based polarized skylight measurements that are usually performed in the solar principal and almucantar planes have high potential to derive the microphysics of aerosols and can be used to identify the type of aerosol [4] .
Unlike DoLP, Stokes parameters Q and U contain all the information (not only the degree but also the orientation) about the linear polarization [7] . In this study, we simulate the influences of aerosol particle size, shape, real and imaginary parts of refractive index on normalized Stokes parameters of polarized skylight in the principal and almucantar planes to study the sensitivity of normalized Q and U to changes of aerosol microphysics.
Polarized radiative transfer simulation

Definition of Stokes parameters of polarized light
The polarization of electromagnetic waves can be described in different ways, the most common was proposed by G. Stokes in1852. He introduced the Stokes vector with four parameters I, Q, U and V to completely specify the polarization state of light beam [8] . For skylight in the Earth's atmosphere, the circular polarization parameter V is very small and can be neglected, so only linear polarization parameters Q and U need to be considered [7] . They can be expressed in terms of DoLP and the orientation of polarization χ in the following way [9] :
where Q and U are normalized to total radiance I. The degree of linear polarization is defined as:
For skylight within the principal plane, U≈0. Then DoLP in principal plane can also be written as [5] :
where minus is to preserve the sign of Q.
Simulation of Stokes parameters of polarized skylight
To simulate the Stokes parameters of polarized skylight affected by different aerosol properties, a Mie code is used to calculate the single scattering by sphere particles while T-matrix code is applied to calculate the single scattering by non-spherical particles. Then the optical properties (e.g., extinction coefficient, asymmetry factor, single scattering albedo and expansion coefficient of scattering matrix) of aerosol particle are put into the vector radiative transfer model SCIATRAN to calculate the Stokes parameters [10] .
In this simulation, we consider the influences of aerosol particle size, shape, real and imaginary parts of refractive index on Stokes parameters Q and U in the principal plane and almucantar plane, respectively. The input parameters are listed in Table 1 . 
Results
The simulated results are plotted in Fig.1 to Fig.4 . The Stokes parameters Q and U are normalized to radiance I and then multiplied by 1000. Note that Q/I implies a negative DoLP within the principal plane. The influence of aerosol particle size on normalized Stokes parameters Q/I and U/I is shown in Fig.1 , where Fig.1a and Fig.1b illustrate Q/I and U/I as a function of viewing zenith angle(VZA) in the principal plane of anti-solar direction, respectively. Q/I is mostly negative, it drops to its minimum around 45 degree (i.e., scattering angle is about 90 degree in this case) and then pick up again, while U/I is really close to 0, so the measurement of U in the principal plane is hard to utilize. Fig.1c and Fig.1d represent Q/I and U/I as a function of relative azimuth angle (RAA) in the almucantar plane. As can be seen from these figures, Q/I is symmetric to the principal plane. It increases slowly with the increase of RAA before reaching to 70 degree then falls sharply reaching the bottom at 180 degree (i.e., scattering angle equals to 90 degree in this case). U/I is antisymmetric to the principal plane. U/I is negative for RAA less than 180 degree. It falls before 120 degree and then increases again with increasing of RAA. U/I nearly equals to 0 at 180 degree which indicates the principal plane. To the contrary, U/I is positive for RAA larger than 180 degree. It goes up to peak at 240 degree and then decreases again.
The patterns of Q/I and U/I are ubiquitous for all aerosol particles in Fig.1 to Fig.4 and are in agreement with previous observations [2] . In general, the discrepancies of Q/I or U/I for different values of aerosol properties in Fig.1 to Fig.4 are large at the peak positions. The strengths of the peaks vary with different values of aerosol properties, nevertheless, the peak positions are almost unchanged. So it's recommended to utilize the polarization measurements at peak positions in the principal and almucantar planes to get the information of different aerosol properties.
As we can see from Fig.1 , for fine particles (e.g., r=0.02, 0.04um), Q/I and U/I change strongly with increasing of particle size; but for coarse particles (e.g., r=0.48, 1.28um), they do not change a lot, especially in the almucantar plane. Moreover, Q/I and U/I change less significant with VZA and RAA compared with that of fine particles. Fig.2 illustrates the influence of aerosol shape on Stokes parameters. For non-spherical particles, Q/I and U/I change more considerable with VZA and RAA compared with that of sphere particles (i.e., a/b=1). In addition, results of oblate spheroid (e.g., a/b=0.5) and prolate spheroid (e.g., a/b=2) those with inverse axial ratio are close to each other.
The influence of real part of refractive index on Stokes parameters is shown in Fig.3 . For all viewing zenith angles in the principal plane, Q/I and U/I decrease remarkably with decreasing of real part of refractive index. In the almucantar plane, Q/I and U/I change more sharply with different real parts at the peak positions than other positions. Fig.4 illustrates the influence of imaginary part of refractive index on Stokes parameters. Both in the principal and almucantar planes, Q/I and U/I change slightly for imaginary parts from 0.1E-7 to 0.02. But for strongly absorbing particle, such as black carbon with imaginary part of 0.44, Q/I and U/I are distinct from others and they change dramatically with VZA and RAA. Fig.1 ; a/b denotes the shape parameter of aerosol that is defined as the ratio of the horizontal to rotational axes of spheroid particle. Fig.1 ; k denotes the imaginary part of refractive index.
Summary
The influences of aerosol particle size, shape, the real and imaginary parts of refractive index on the normalized Stokes parameters Q/I and U/I of polarized skylight have been studied in this paper. In general, for different values of aerosol properties, the peak positions of Q/I and U/I vary little, while the strengths of peaks change significantly. Q/I at VZA of 45 degree in the principal plane and at RAA of 180 degree in the almucantar plane (i.e., the scattering angles equal to 90 degree in both cases) and U/I around RAA of 120 degree and 240 degree in the almucantar plane change most significantly with different values of fine particle size, shape and real part of refractive index of aerosols. For strongly absorbing particle with large imaginary part of refractive index, it is also possible to distinguish it with others by using Q/I and U/I. So we can utilize the strength variations at the peak positions of Q/I and U/I in the principal and almucantar planes to get the information of different aerosol properties and then identify aerosol types in future.
